Preparation and characteristic of poly(piperazine-amide) hollow fiber composite nanofiltration membrane and the effect of additives by 朱奇
学校编码：10384                                分类号      密级       











Preparation and characteristic of poly(piperazine-amide) hollow 




指导教师姓名：  蓝伟光  教授 
何旭敏  教授 
专 业 名 称：   高分子化学与物理 
论文提交日期：  2015 年 4 月 
论文答辩时间：  2015 年 5 月 
 
答辩委员会主席：           
评    阅    人：           



















另外，该学位论文为（                            ）课题（组）
的研究成果，获得（               ）课题（组）经费或实验室的



























（     ）1.经厦门大学保密委员会审查核定的保密学位论文，
于   年  月  日解密，解密后适用上述授权。 







                                     声明人（签名）： 



























为 1.5 wt%，TMC 为 0.2 wt%，聚合时间 30 s，热处理条件 80 ℃/20 min，在 0.3 













截留率都较大（26.0 L/m2h、99%），添加后者的复合纳滤膜通量为 19.5 L/m2 h，



















The separation property of nanofiltration(NF) membrane is between ultrafiltrati-  
on(UF) membrane and reverse osmosis(RO) membrane, this special separation 
performance endows NF membrane technology with extensive application in 
industrial areas, especially in water treatment, desalination, food industry, biological 
medicine etc.There are lots of methods to prepare NF membrane, such as L-S phase 
inversion method, alloy blending method, composite method etc, and composite 
method can be classified into coating, surface grafting modification, layer-by-layer 
self-assembly, interfacial polymerization(IP) which is the main preparation method  
for commercial NF membrane at present   
  In this dissertation, by using PES (polyethersulfone) hollow fiber UF membrane as 
the  s ubs tra te  ,  we  p repare d  a  po lyp ipe ra z ine - amide  ho llo w f ibe r  
composite NF membrane through the interfacial polymerization of PIP (piperazine)  
and TMC (1,3,5-benzenetricarbonyl trichloride).The optimum preparation conditions 
were ascertained by the single factor method: airing time 15 min, PIP 1.5wt%, TMC 
0.2wt%, polymerization time 30 seconds, heat treatment 80℃/20min. Under the co- 
ndition of 0.3 MPa and 25℃, it was found that the pure water flux reached 33.6   
L/m2 h, and the rejection to 1000 mg/L  MgSO4 reached 85%, and the rejection order 
to 4 kinds of inorganic salts was: R(Na2SO4)＞R（MgSO4）＞R（MgCl2）＞R(NaCl). 
Being based on the confirmed optimum preparation conditions, we added some ty- 
pes of additives including alcohols(ethanol, glycol and glycerol ), phase transfer cata- 
lysts(4-dimethylaminopyridine, cetyltrimethylammonium bromide and PEG-400) , 
acid-binding agent(triethylamine), co-solvent(tetrahydrofuran, Dimethyl sulfoxide), 
the hydrophilic polymer(Sodium polyacrylate) to IP reaction system to research the 
effect of different kinds and dosages of additives on NF membrane’s structure and 
performance. 
The experiment results indicate that: (1) Ethanol with 100wt% PIP as reactive 
co-solvent was added, the rejection increase from 85% to 96%. (2) Polylol including 
glycol and glycerol can remarkably increase rejection performance of this NF 
membrane. (3) The catalysis of 4-dimethylaminopyridine and 
cetyltrimethylammonium bromide is comparative, and PEG-400 is invalid catalyst. (4)   
















posit ive ly, and increases the rejection, however, the added content should been 
take notice. (5)The effect of dimethyl sulfoxide as co-solvent is better than 
tetrahydrofuran(19.5L/m2 h, 95%) with greater flux and rejection performance(26.0 
L/m2 h, 99%). (6) Adding hydrophilic polymer(Sodium polyacrylate) with 10wt% PIP 
makes the rejection of this thin-film composite NF membrane increase to 91%. 
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膜分类如表 1-1 所示。 
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